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Dear Ms. Barrientos: 

PanGEO, Inc. is pleased to present this report to assist the project team with the design and 

construction of the proposed development in Seattle, Washington.  PanGEO previously 

issued a report dated June 5, 2017.  In light of additional groundwater information that 

became available after our previous report was issued, it was necessary to revise our 2017 

report.  This report supersedes the 2017 report.  The revisions contained herein are 

anticipated to affect the structural and civil designs of the project. 

In summary, it is our opinion that the site may be developed generally as planned.  Because 

of the groundwater conditions at the site that is likely to generate high volume of discharge 

that cannot be entirely discharged into the public system, we understand the proposed 

basement will be designed as a watertight structure to resist the hydrostatic pressure.  The 

use of a mat foundation will be necessary. 

We appreciate the opportunity to be of service.  Should you have any questions, please do 

not hesitate to call. 

Sincerely, 

 

 

 

Siew L. Tan, P.E. 

Principal Geotechnical Engineer 
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GEOTECHNICAL REPORT 

PROPOSED DEVELOPMENT 

225 ROY STREET, SEATTLE, WASHINGTON 

 

1.0 GENERAL 

As requested, PanGEO, Inc. is pleased to present this report for the proposed development at 225 

Roy Street in Seattle, Washington.  Our scope of services included reviewing readily available 

geologic and geotechnical data, observed the drilling of test borings completed by your 

environmental consultant, conducting a site reconnaissance, performing engineering analyses, and 

preparing this report.   

2.0 SITE AND PROJECT DESCRIPTION 

The subject site is the city block located between Second Avenue North to the west, Third Avenue 

North to the east, Mercer Street to the south, and Roy Street to the north.  The approximate location 

of the project site is shown in Figure 1 and Figure 2.  The total change in ground surface elevation 

across the site is about 13 feet, between about Elevation 123 feet at its northwest corner, and 

Elevation 110 feet at its southeast corner.   

It is our understanding that the proposed development will include the construction of two new 

mid-rise buildings with underground parking.  The lowest floor will be about 25 feet deep at the 

northwest corner of the site, and about 15½ feet deep at the southeast corner of the site.  The 

foundation subgrades are anticipated to be two to three additional feet deeper.   

The conclusions and recommendations in this report are based on our understanding of the 

proposed development, which is in turn based on the project information provided.  If the above 

project description is incorrect, or the project information changes, we should be consulted to 

review the recommendations contained in this study and make modifications, if needed.   

3.0 SUBSURFACE EXPLORATIONS 

3.1 HISTORIC STREET GRADING PROFILES 

To gain a better understanding of previous grading that may have occurred at or adjacent to the 

site, we reviewed City of Seattle street grading profiles adjacent to the project site. The following 

summarizes our review. 

Second Avenue North: between Roy Street and Mercer Street - In general, the street 

grading profile indicates that approximately 2 to 7 feet of fill was placed along this section of 
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Second Avenue North, adjacent to the western boundary of the project site.  The deepest fill 

appeared to be near the middle of the west property line. Similar fill thickness should be 

present in the western portion of the property. 

Third Avenue North: between Roy Street and Mercer Street – In general, according to 

the street grading profile, the existing street grade is approximately one to 10 feet lower than 

the original ground surface.  As such, native soils should be near the existing ground surface 

along the east side of the property.  However, nominal amount of fill should be anticipated 

from previous site developments and utility installation. 

Roy Street and Mercer Street: between 2nd Avenue North and 3rd Avenue North – In 

general, according to the street grading profiles, the existing street grade along Roy and 

Mercer Streets are approximately two to three feet lower than the original ground surface 

along the north side of the property.  As such, native soils should be near the existing ground 

surface along the north side of the property.  However, nominal amount of fill should be 

anticipated from previous site developments and utility installation. 

In summary, our review of the original street grading profiles adjacent to the site suggest that up 

to about 10 feet of fill may be present along the western side of the subject site, but no significant 

amount of fill was placed along the other three sides of the site for street construction.  It may be 

noted, however, that previous developments at the site and within the street right-of-ways may 

have resulted in more fills than are shown on the street grading profiles. 

3.3 NEARBY EXPLORATIONS 

Previous test borings completed in the vicinity of the site were collected and reviewed.  

Specifically, the following previous explorations were reviewed: 

• Borings B-1, B-2 and B-3, previously completed for the development located to the north 

of the site (summary logs in Appendix A);  

• Boring TB-7 (see Appendix B) and monitoring wells PW-2 and OW-2 (see Appendix C), 

previously completed along the south side of the property for the Mercer Street tunnel 

project; and 

• Borings CD-1 and CD-2 previously completed for the adjacent parking garage to the east 

by Twelker Associates (see Appendix D); 

In addition to the previous test borings outlined above, PanGEO completed two test borings (PG-

1 and PG-2) in September 2017 for an adjacent property located southwest of the project site. 
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The approximate locations of these nearby explorations are indicated on the attached Figure 2. 

3.4 SITE-SPECIFIC EXPLORATIONS 

In 2016, Herrera completed three environmental test borings (SOP-1, SOP-2 and SOP-2) at the 

site for the Phase II environmental site assessment, at the approximate locations shown in Figure 

2.  These test borings were drilled using hollow stem augers, but with non-standard penetration 

tests using wireline downhole hammer.  The summary logs were provided for our use, and are 

included as Appendix E of this report for reference. 

In June 2017, AMEC Foster Wheeler completed an environmental study for the subject property.  

The study included a series of probes (WH-series).  The approximate locations of these 

explorations are shown in Figure 2, and the summary logs are included in Appendix F of this 

report.   

In September 2016, Environmental Partners Inc (EPI) completed three test borings (B-1, MW-1 

and MW-2) for Seattle Opera.  These borings were drilled using hollow stem augers and SPT 

sampling.  The approximate locations of these explorations are shown in Figure 2, and the 

summary logs are included in Appendix G of this report. 

3.5 SOIL CONDITIONS 

In general, the test borings encountered 3 to 10 feet of fill over competent native soils.  The 

following is a generalized description of the subsurface conditions encountered in the borings: 

Fill:  Approximately 3 to 11 feet of fill was encountered in the borings completed at or near 

the site.  The fill appears to be the thickest in the approximately northwest quadrant of the 

site. The composition of the fill appears highly variable, and ranged from sandy silt to sand 

with gravel.  Brick fragments were also encountered within the fill layer.  This soil unit is 

considered not appropriate for structural support.  Given that the proposed basement 

excavation in the northwest corner of the site will be about 28 feet deep, it is anticipated that 

the basement excavation will extend below the existing fill. 

Native Soils: The native soils underlying the fill appeared quite complex, and generally 

consisted of a sequence of sand with silt layers, in turn underlain by very stiff to hard clay.  

The top of the stiff to hard clay, which appears to be consistent with the mapped Lawton Clay 

at the site, was encountered at 25 to 35 feet below the ground surface in the borings SOP-1 

through SOP-3 (approximately north half of the site), and was at about 20 feet deep in PW-2 
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and OW-2 (southeast corner of the site), but was only about 3 feet deep in TB-7 (southwest 

corner of the site).  The native soil layer located above the clay (and below the fill) generally 

consisted of medium dense to dense sand with gravel, with medium stiff to stiff silt layers. 

This layer appeared consistent with the Ice Contact Deposits mapped near the site. In 

summary, there appears to be an east-west trending sandy/gravelly channel located in the 

approximately south half of the site (approximate area of the channel shown in Figure 2).  

North and south of the sandy/gravelly channel and below the granular soils in the channel, the 

native soils are anticipated to consist of generally fine-grained soils (i.e., silt and clay). 

Please note that soil conditions between exploration locations may vary from those encountered.  

The nature and extent of variations between exploratory locations may not become evident until 

construction.  If variations do appear, PanGEO should be requested to reevaluate the 

recommendations in this report and to modify or verify them in writing prior to proceeding with 

earthwork and construction. 

3.6 GROUNDWATER 

Based on the currently available subsurface data, the groundwater conditions at the site appear 

very complicated.  In summary, there appears to be a channel of water-bearing sand and gravel 

that extends from the SW corner to generally the NE portion of the site where significant amounts 

of flows could occur in the proposed excavation.  The approximate outline of the wet sand channel 

is estimated and is shown on the attached Figure 2.   

In November 2017, PanGEO completed a slug test program using the existing monitoring wells 

(MW-1 and MW-2), and performed an analysis to estimate long term groundwater discharge rate.  

Based on our preliminary analysis, we estimated that the long-term discharge rate likely to be in 

the range of 30 to 60 gpm.  As such, we recommended a large-scale pump test be completed at the 

site to provide an estimate of the flow rate. 

In February 2018, Bender Consulting completed a pump test program to estimate the permeability 

of the site soils, and completed a construction dewatering design.  The report from Bender 

Consulting is included in Appendix G of this report.  Bender Consulting estimated that the long-

term groundwater discharge likely to be more than 40 gpm, and may be as high as 70 gpm.  This 

is consistent with our previous estimate.   

The groundwater levels appear to generally range from Elevations 98 to 104 feet, except in one of 

the dewatering wells installed by Bender Consulting (dewatering well DW-1) that shows localized 



Geotechnical Report 

Proposed Development: 225 Roy Street, Seattle, Washington 

February 23, 2018  

16-116 225 Roy Report R2 - 2018.02.23 Page 5 PanGEO, Inc. 

  

groundwater level at Elevation 110 feet, which Bender Consulting attributed that anomaly to 

possible artesian pressure in a semi-confined aquifer. 

Geotechnical design recommendations associated with the site groundwater conditions are 

discussed in Section 4.2.1 of this report. 

It should be noted that there will be fluctuations in groundwater level depending on the season, 

amount of rainfall, surface water runoff, and other factors.  Generally, the water level is higher and 

seepage rates are greater in the wetter, winter months (typically October through May). 

4.0 GEOTECHNICAL RECOMMENDATIONS 

4.1 SEISMIC DESIGN CONSIDERATIONS 

4.1.1 IBC Seismic Site Class 

The 2015 International Building Code (IBC) seismic design section provides a basis for seismic 

design of structures.  Based on our understanding of the subsurface conditions at the site, it is our 

opinion that Site Class D is appropriate for the site. 

4.1.2 Liquefaction Potential  

Liquefaction is a process that can occur when soils lose shear strength for short periods of time 

during a seismic event.  Ground shaking of sufficient strength and duration results in the loss of 

grain-to-grain contact and an increase in pore water pressure, causing the soil to behave as a fluid.  

Soils with a potential for liquefaction are typically cohesionless, predominately silt and sand sized, 

loose, and below the groundwater table.   

The site is predominantly underlain by dense sand and very stiff to hard silt and clay.  It is our 

opinion that the liquefaction potential of the site is low and design considerations related to soil 

liquefaction are not necessary for this project. 

4.2 BUILDING FOUNDATIONS 

4.2.1 Groundwater Discussions and Foundation Design Approach 

Based on the data currently available, the anticipated long-term groundwater discharge rate is quite 

high (i.e., in excess of 40 gallons per minute) and hence the current design approach is to construct 

a watertight basement in lieu of installing an under-slab drain as previous envisaged.   
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For design purposes, we recommend that groundwater level be assumed at Elevation 105 feet. To 

prevent groundwater from raising above the design level, we assume that a collection system be 

installed at that elevation.   

We envision that the collection system to consist of the following: 

1. Install a narrow horizontal strip of drain mat around the outside of basement wall 

perimeters, between Elevation 104 and 106 feet.  This is to allow groundwater that come 

up to that elevation to get into the drain mat, and free to flow horizontally around the 

building perimeters inside the drain board. 

2. The lowest ground surface outside the building is at the SE corner, near Elevation 107 feet.  

We then install a conventional footing drain (4-inch perforated pipe), on the outside of the 

building, 2 feet deep (down to Elevation 105 feet), to provide an outlet for the groundwater 

that may be present inside the drain board.  The footing drain will be of limited length, say 

about 5 feet long along the south wall, and will be below the plaza level.  The pipe is not 

anticipated to have flows, but just as a safety against spikes in GW level in the event of 

heavy rains. 

4.2.2 Allowable Bearing Pressure  

With the basement designed as a water-tight structure to resist the hydrostatic pressure, the 

building will be supported on a concrete mat.  The mat should bear on the undisturbed native soils 

that should be encountered at the construction subgrade elevation.   A structural mat foundation 

can be evaluated using a modulus of subgrade reaction of 250 pounds per cubic inch (pci).   

Localized concentrated loads can be evaluated using an allowable soil bearing pressure of 6,000 

psf.   

The recommended allowable soil bearing pressure is for dead plus live loads.  For allowable stress 

design, the recommended bearing pressure may be increased by one-third for transient loading, 

such as wind or seismic forces.   

Foundations designed and constructed in accordance with the above recommendations should 

experience total settlement of less than ½ inch.  Most of the anticipated settlement should occur 

during construction as dead loads are applied. 
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4.2.3 Uplift Resistance  

The concrete mat foundation will be subjected to hydrostatic uplift forces when the groundwater 

level outside the structures is higher than the base of the mat slab.  For design against hydrostatic 

uplift, a groundwater elevation of 105 feet should be assumed. 

Structures should be designed to resist this upward force and to prevent possible heave and cracking 

of foundations and slabs.     

4.2.2 Lateral Resistance  

Lateral loads on the structure may be resisted by passive earth pressure developed against the 

embedded portion of the foundation system and by frictional resistance between the bottom of the 

foundation and the supporting subgrade soils.  For foundation elements bearing on the native soils, 

a frictional coefficient of 0.35 may be used to evaluate sliding resistance developed between the 

concrete and the subgrade soil.   

Passive soil resistance may be calculated using an equivalent fluid weight of 175 pcf below the 

groundwater table (assume groundwater level at Elevation 105 feet for design) and 300 pcf above 

the design water table, assuming foundations are backfilled with structural fill.  The above values 

include a factor of safety of 1.5.  Unless covered by pavements or slabs, the passive resistance in 

the upper 12 inches of soil should be neglected. 

4.2.3 Subsurface Drains  

Footing drains are not needed as long as the basement walls and foundation are designed for the 

hydrostatic pressure.   

4.2.4 Foundation Subgrade Preparation and Over-Excavation 

All foundation subgrade should be in a dense, unyielding condition prior to setting forms and 

placing rebar.  Any loose or softened soil should also be removed from below the foundation.  The 

adequacy of the foundation subgrade soils should be verified by a representative of PanGEO, prior 

to placing forms or rebar.   

At the bottom of the excavation, the exposed foundation subgrade is anticipated to consist of 

mostly silt and clay, with localized areas of wet sand and gravel.  It should be noted that some of 

the site soils, especially the clayey soils, are very moisture sensitive and can be easily disturbed by 

excavation activities and inclement weather.  If needed, the exposed subgrade should be compacted 
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with a jumping jack to a firm and unyielding condition.  If the excavation will be completed in wet 

weather conditions, it may also be necessary to protect the exposed foundation subgrade with a rat 

slab to facilitate the installation of waterproofing and foundation construction. 

4.3 RETAINING AND BASEMENT WALL DESIGN PARAMETERS 

Retaining and basement walls should be designed to resist the lateral earth pressures exerted by 

the soils behind the wall.  Unless the walls are designed to resist hydrostatic pressure, proper 

drainage provisions should also be provided behind the walls to intercept and remove groundwater 

that may be present behind the wall.  Our geotechnical recommendations for the design and 

construction of the retaining/basement walls are presented below. 

4.4.1 Lateral Earth Pressures 

For the design of the basement wall, as discussed above, the design groundwater elevation should 

be assumed at Elevation 105 feet. 

• For basement walls constructed directly against a pile walls, an active earth pressure of 35 

pcf may be used above Elevation 105 feet, and 82 pcf below Elevation 105 feet; or 

• For basement walls constructed using conventional cut and fill, an earth pressure of 50 pcf 

may be used above Elevation 105 feet, and 88 pcf below Elevation 105 feet. 

For the seismic condition, we recommend a uniform lateral earth pressure of 8H psf (where H is 

the retained height) be added to the static pressure for sizing the basement walls for the ultimate 

condition.  The recommended lateral pressures assume that adequate wall drainage will be 

incorporated into the design and construction of the walls to prevent the development of 

hydrostatic pressure. 

4.4.2 Surcharge 

The basement walls should be designed to accommodate surcharges from nearby structures, 

potentially including the building to the south, and traffic.  The lateral pressure acting on the wall 

from surcharge loads may be determined using the surcharge diagram found on the attached Figure 

3.   
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4.4.3 Wall Backfill 

Where wall backfill will be needed, the wall backfill should consist of imported free draining 

granular material, such as Seattle Type 17 or a soil meeting the requirements of Gravel Borrow as 

defined in  Section 9-03.14(1) of the WSDOT Standard Specifications for Road, Bridge, and 

Municipal Construction (WSDOT, 2016).  In areas where space is limited between the wall and 

the face of excavation, pea gravel may be used as backfill without compaction.  

Wall backfill should be moisture conditioned to near its optimum moisture content, placed in loose, 

horizontal lifts less than 12 inches in thickness, and systematically compacted to a dense and 

relatively unyielding condition as verified by PanGEO personnel, or to at least 95 percent of the 

maximum dry density, as determined using test method ASTM D-1557.  Within 5 feet of the wall, 

the backfill should be compacted with hand-operated equipment; a compaction level of 90 percent 

of the maximum dry density is considered acceptable within 5 feet of wall. 

5.0 TEMPORARY SHORING AND DEWATERING 

In our opinion, based on the anticipated subsurface conditions at the site, soldier piles with timber 

lagging is likely the most appropriate option.  Where the wall heights exceed about 12 to 15 feet, 

tiebacks likely will be needed.   

The shoring system should be designed to provide adequate protection for the workers, adjacent 

structures, utilities, and other facilities.  Excavations should be performed in accordance with the 

current requirements of WISHA.  Construction should proceed as rapidly as feasible, to limit the 

time temporary excavations are open.    

Easements – For soldier piles taller than 12 to 15 feet, tiebacks are often used to achieve a more 

economical design.  Temporary construction easements will need to be obtained from the 

neighboring property owners in order to install tiebacks.  We recommend that the easements from 

private property owners be obtained as early in the design process as feasible.  The project costs 

could be significantly impacted without the construction easements. 

5.1 SOLDIER PILE WALL 

A soldier pile wall consists of vertical steel beams, typically spaced from 6 to 8 feet apart along 

the proposed excavation wall, spanned by timber lagging.   Prior to the start of excavation, the 

steel beams are installed into holes drilled to a design depth and then backfilled with lean mix or 

structural concrete. As the excavation proceeds downward and the steel piles are subsequently 
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exposed, timber lagging is installed between the piles to further stabilize the walls of the 

excavation.  In general, tiebacks are typically used for wall heights greater than about 12 to 15 feet 

to achieve a more economical design.   For the maximum excavation of about 28 feet, we anticipate 

that one or two levels of tiebacks will likely be needed. 

5.1.1 Wall Design Parameters 

We recommend the earth pressures depicted on Figures 3 and 4 be used for design of soldier pile 

walls for this project. 

Vertical Capacity – The vertical capacity of the soldier piles should be determined using an 

allowable skin friction value of 0.5 ksf for the portion of the pile below the bottom of the 

excavation, and an allowable end soil bearing capacity value of 10 ksf. 

5.1.2 Tiebacks 

Where tiebacks will be used, the first row of tiebacks should be located no more than about 8 to 

10 feet below the pile top unless steel beams of sufficient size will be used to limit the magnitude 

of the cantilever deflection before the tiebacks are locked off. 

The manner in which the tieback anchors carry load will depend on the type of anchor selected, 

the method of installation, and the soil conditions surrounding the anchor.  Accordingly, we 

recommend use of a performance specification requiring the shoring contractor to install anchors 

capable of satisfactorily achieving the design structural loads, with a pullout resistance factor of 

safety of 2.  The shoring contractor should verify that the assumed value can be achieved with the 

installation method they intend to use, or a different value should be proposed by the contractor. 

For planning and permitting purposes, the anchors may be sized for an allowable friction value of 

2.5 kips per lineal foot of anchor bond length, assuming that small diameter (about 5 to 6 inches) 

pressure-grouted tiebacks will be used, and the bond length will be entirely located within native 

soils (assuming 10 feet of fill for design purposes).  One or more rounds of post-grouting will 

likely be needed to achieve the design capacity.   

Tiebacks should have a minimum bond length of no less than 15 feet.  A bond breaker shall be 

constructed in the no load zone when the installation procedures use single stage grouting. 

All tiebacks should be installed by experienced personnel.  Based on the potential for encountering 

groundwater seepage, the contractor should be prepared to case the tiebacks to maintain an open 

hole. 
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The use of compressed air to flush the drill cuttings must be properly controlled, as the use of 

excessive amount of compressed air while drilling tiebacks could lead to reduction of soil strength 

and ground movements.   

5.1.3 Tieback Testing  

The capacity of tiebacks should be checked with 200 percent verification tests.  At least two 200-

percent tests should be performed in each soil type prior to installing production anchors.  The 

contractor may use production tiebacks for verification tests at its own risk. 

All production anchors should be proof tested to 130% of the design load.  The anchor installations 

should be conducted in accordance with the latest edition of the Post Tensioning Institute (PTI 

2004) “Recommendations for Prestressed Rock and Soil Anchors”.  Elements of the testing are as 

follows: 

Verification Tests (200% Tests) 

▪ Prior to installing production anchors, perform a minimum of two tests each on each anchor 

type, installation method and soil type with the tested anchors constructed to the same 

dimensions as production anchors. 

▪ Test locations to be determined in conjunction and approved by the geotechnical engineer. 

▪ Test anchors, which will be loaded to 200% of the design load, may require additional 

prestressing steel (steel load not to exceed 80% of the ultimate tensile strength) or 

reinforcing of the soldier pile. 

▪ Load test anchors to 200% load in 25% load increments, holding each incremental load for 

at least 5 minutes and recording deflection of the anchor head at various times within each 

hold to the nearest 0.01inch. 

▪ At the 150% load, the holding period shall be at least 60 minutes. 

▪ A successful test shall provide a measured creep rate of 0.04 inches or less at the 150% 

load between 1 and 10 minutes, and 0.08 inches or less between 6 and 60 minutes, and a 

creep rate that is linear or decreasing with time.  The applied load must remain constant 

during all holding periods (i.e. no more than 5% variation from the specified load). 

Proof Tests (130% load tests on all production anchors) 
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▪ Load test all production anchors to 130% of the design load in 25% load increments, 

holding each incremental load until a stable deflection is achieved (record deflection of the 

anchor head at various times within each hold to the nearest 0.01inch).   

▪ At the 130% load, the holding period shall be at least 10 minutes 

▪ A successful test shall provide a measured creep rate of 0.04 inches or less at the 130% 

load between 1 and 10 minutes with a creep rate that is linear or decreasing with time.  The 

applied load must remain constant during the holding period (i.e. no more than 5% 

variation from the 130% load).  Anchors failing this proof testing creep acceptance criteria 

may be held an additional 50 minutes for creep measurement.  Acceptable performance 

would equate to a creep of 0.08 inches or less between 5 and 50 minutes with a linear or 

decreasing creep rate. 

Verification tested anchors or extended creep proof tested anchors not meeting the acceptance 

criteria will require a redesign by the contractor to achieve the acceptance criteria. 

5.1.4 Lagging  

Lagging design recommendations are presented on Figure 3.  Lagging located within 10 feet of 

the top of the shoring which may be subjected to surcharge loads from construction equipment or 

material storage should be designed for an additional uniform lateral surcharge pressure of 200 

psf.  This pressure approximately corresponds to a vertical uniform surcharge load of 500 psf at 

the top of the wall.   

Point loads located close to the top of the wall, such as outriggers of heavy cranes, may apply 

additional loads to the lagging.  These loads should be individually analyzed by the shoring 

designer, with input from the contractor regarding loading conditions.   

Voids behind the lagging should be backfilled with CDF. 

5.1.5 Groundwater and Potential Caving Soils  

The drilling of soldier piles and tiebacks is anticipated to encounter fill, wet sand, and very stiff to 

hard silt and clay, and caving could occur during drilling.  As a result, the drilling contractor should 

be prepared to stabilize the holes by using temporary casings, hydrostatic pressures (i.e., flooding 

the hole), or drilling fluids. 

We anticipate that water to be present in some the drilled holes during soldier pile installation.  As 

such, lean concrete or structural concrete backfill should be placed with tremie pipes.   
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5.1.6 Surcharges from Heavy Construction Equipment 

Cranes and pump trucks will likely be used during construction.  These equipment are often 

supported with outriggers with high concentrated load placed near the shoring wall.  The shoring 

designer should consult with the contractor regarding the loads and the placement of these 

outriggers such that the shoring walls can be properly designed. 

5.2 BASELINE SURVEY AND MONITORING 

Ground movements will occur as a result of excavation activities.  As such, ground surface 

elevations of the adjacent properties and city streets should be documented prior to commencing 

earthwork to provide baseline data.  As a minimum, optical survey points should be established at 

the following locations:  

• The top of every other soldier pile.  These monitoring points should be monitored twice 

a week as required by SDOT.  The monitoring frequency may be reduced based on the 

monitoring results. 

• The curbs and the centerlines of adjacent streets.  These monitoring points should be 

spaced no more than 20 feet apart.  These monitoring points do not need to be regularly 

surveyed unless the top of wall deflections exceed about ½ inch. 

• The north face of the adjacent building located immediately south of the subject 

property. 

The monitoring program should include changes in both the horizontal (x and y directions) and 

vertical deformations.  The monitoring should be performed by the contractor or the project 

surveyor, and the results be promptly submitted to PanGEO for review.  The results of the 

monitoring will allow the design team to confirm design parameters, and for the contractor to make 

adjustments if necessary. 

We also recommend that the existing conditions along the public right of way and the adjacent 

private properties be photo-documented prior to commencing earthwork at the site. 

5.3 TEMPORARY SLOPED EXCAVATIONS 

Where space is available, temporary sloped cuts can be used to reduce the height, extent and cost 

of temporary shoring.  For planning purposes, temporary excavations may be sloped as steep as 

1H:1V (Horizontal:Vertical). 
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Temporary excavations should be constructed in accordance with Part N of the WAC (Washington 

Administrative Code) 296-155.  The contractor is responsible for maintaining safe excavation 

slopes and/or shoring.   

Temporary excavations should be evaluated in the field during construction based on actual 

observed soil conditions.  If seepage is encountered, excavation slope inclinations may need to be 

reduced.  During wet weather, the cut slopes may need to be flattened to reduce potential erosion 

or should be covered with plastic sheeting. 

5.4 CONSTRUCTION DEWATERING  

A dewatering design has been completed by Bender Consulting, based on the results of a pump 

test program completed at the site.  The results of the pump test and dewatering design are outlined 

in a report prepared by Bender Consulting, and is included in Appendix H of this report.  In 

summary, a series of well points will be installed to lower the groundwater table during 

construction.  We also anticipate that the well points will likely need to be supplemented by sumps 

and pumps at the bottom of the excavation. 

The dewatering and lowering of the groundwater will occur primarily in medium dense to dense 

sand with gravel.  As such, we anticipate the potential settlement from the dewatering will be 

relatively minor.  In the immediately vicinity of the site, the dewatering-induced settlement is 

anticipated to be less than ½ inch, and the potential impacts will decrease with distance from the 

site. 

6.0 EARTHWORK CONSIDERATIONS 

6.1 STRUCTURAL FILL AND COMPACTION 

The on-site soils should not be used as structural fill.  Imported structural fill, if needed, should 

consist of City of Seattle Type 17, crushed surfacing base course as specified in WSDOT Section 

9-03.9(3) (WSDOT, 2016),  or an approved similar material.   

Structural fill should be moisture conditioned to near its optimum moisture content, placed in 

loose, horizontal lifts less than about a foot in thickness, and compacted to a dense and unyielding 

condition as verified by PanGEO personnel, or to at least 95 percent maximum density, determined 

using ASTM D-1557 (Modified Proctor).   
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The procedure to achieve proper density of a compacted fill depends on the size and type of 

compacting equipment, the number of passes, thickness of the lifts being compacted, and certain 

soil properties.  If the excavation to be backfilled is constricted and limits the use of heavy 

equipment, smaller equipment can be used, but the lift thickness will need to be reduced to achieve 

the required relative compaction. 

Generally, loosely compacted soils are a result of poor construction technique or improper 

moisture content.  Soils with high fines contents are particularly susceptible to becoming too wet 

and coarse-grained materials easily become too dry, for proper compaction.  Silty or clayey soils 

with a moisture content too high for adequate compaction should be dried as necessary, or moisture 

conditioned by mixing with drier materials, or other methods. 

6.2 WET WEATHER CONSTRUCTION 

General recommendations relative to earthwork performed in wet weather or in wet conditions are 

presented below.  The following procedures are best management practices recommended for use 

in wet weather construction: 

• Earthwork should be performed in small areas to minimize subgrade exposure to wet 

weather.  Excavation or the removal of unsuitable soil should be followed promptly by 

the placement and compaction of clean structural fill.  The size and type of construction 

equipment used may have to be limited to prevent soil disturbance.   

• During wet weather, the allowable fines content of the structural fill should be reduced 

to no more than 5 percent by weight based on the portion passing the 0.75-inch sieve.  

The fines should be non-plastic. 

• The ground surface within the construction area should be graded to promote run-off 

of surface water and to prevent the ponding of water. 

• Geotextile silt fences should be installed at strategic locations around the site to control 

erosion and the movement of soil. 

• Excavation slopes and soils stockpiled on site should be covered with plastic sheeting. 

6.3 PERMANENT CUT AND FILL SLOPES 

Based on the anticipated soil that will be exposed in the planned excavation, we recommend 

permanent cut and fill slopes be constructed no steeper than 2H:1V (Horizontal:Vertical).  
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6.4 EROSION CONSIDERATIONS 

Surface runoff can be controlled during construction by careful grading practices.  Typically, this 

includes the construction of shallow, upgrade perimeter ditches or low earthen berms in 

conjunction with silt fences to collect runoff and prevent water from entering excavations or to 

prevent runoff from the construction area leaving the immediate work site.  Temporary erosion 

control may require the use of hay bales on the downhill side of the project to prevent water from 

leaving the site and potential storm water detention to trap sand and silt before the water is 

discharged to a suitable outlet.  All collected water should be directed under control to a positive 

and permanent discharge system.   

Permanent control of surface water should be incorporated in the final grading design.  Adequate 

surface gradients and drainage systems should be incorporated into the design such that surface 

runoff is collected and directed away from the structure to a suitable outlet. Potential issues 

associated with erosion may also be reduced by establishing vegetation within disturbed areas 

immediately following grading operations. 

7.0 ADDITIONAL SERVICES 

To confirm that our recommendations are properly incorporated into the design and construction 

of the proposed development, PanGEO should be retained to conduct a review of the final project 

plans and specifications, and to monitor the construction of geotechnical elements.  The City of 

Seattle SDCI, as part of the permitting process, will also require geotechnical construction 

inspection services.  PanGEO can provide you a cost estimate for construction monitoring services 

at a later date. 

8.0 CLOSURE 

We have prepared this report for 225 Roy Street LLC and the project design team.  

Recommendations contained in this report are based on a site reconnaissance, a subsurface 

exploration program, review of pertinent subsurface information, and our understanding of the 

project.  The study was performed using a mutually agreed-upon scope of services. 

Variations in soil conditions may exist between the locations of the explorations and the actual 

conditions underlying the site.  The nature and extent of soil variations may not be evident until 

construction occurs.  If any soil conditions are encountered at the site that are different from those 

described in this report, we should be notified immediately to review the applicability of our 
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recommendations.  Additionally, we should also be notified to review the applicability of our 

recommendations if there are any changes in the project scope. 

The scope of our work does not include services related to construction safety precautions.  Our 

recommendations are not intended to direct the contractors’ methods, techniques, sequences or 

procedures, except as specifically described in our report for consideration in design.  Additionally, 

the scope of our services specifically excludes the assessment of environmental characteristics, 

particularly those involving hazardous substances.  We are not mold consultants nor are our 

recommendations to be interpreted as being preventative of mold development.  A mold specialist 

should be consulted for all mold-related issues. 

This report has been prepared for planning and design purposes for specific application to the 

proposed project in accordance with the generally accepted standards of local practice at the time 

this report was written.  No warranty, express or implied, is made. 

This report may be used only by the client and for the purposes stated, within a reasonable time 

from its issuance.  Land use, site conditions (both off and on-site), or other factors including 

advances in our understanding of applied science, may change over time and could materially 

affect our findings.  Therefore, this report should not be relied upon after 24 months from its 

issuance.  PanGEO should be notified if the project is delayed by more than 24 months from the 

date of this report so that we may review the applicability of our conclusions considering the time 

lapse. 

It is the client’s responsibility to see that all parties to this project, including the designer, 

contractor, subcontractors, etc., are made aware of this report in its entirety.  The use of information 

contained in this report for bidding purposes should be done at the contractor’s option and risk.  

Any party other than the client who wishes to use this report shall notify PanGEO of such intended 

use and for permission to copy this report.  Based on the intended use of the report, PanGEO may 

require that additional work be performed and that an updated report be reissued.  Noncompliance 

with any of these requirements will release PanGEO from any liability resulting from the use this 

report. 
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Sincerely, 

PanGEO, Inc. 

 

 
 

Siew L Tan, P.E. 

Principal Geotechnical Engineer 
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